Pygmies, a population characterized by short stature, have high immunoglobulin (Ig) concentrations. In this study, we evaluated Ig levels in Cameroon's Babinga Pygmies from infancy to adulthood and the effects of a national health program on these Ig levels. We found that IgG and IgM levels were outside the normal range for Italians of the same age and were comparable to those measured in Babinga Pygmies living in the same region by Siccardi in 1975. In conclusion, the hypergammaglobulinaemia of Babinga Pygmies is already present in infants and is not affected by sanitation improvements, suggesting that it could be partly genetically-determined.
African Pygmies are one of the shortest human populations. Most studies have concluded that in the Pygmy the growth pattern is normal up to the time of puberty and their short stature is due primarily to the lack of accelerated adolescent growth (1) (2) (3) . It has been reported that Pygmies show immunoglobulin (Ig) concentrations above the nonnal range of European references and higher than those of their Bantu neighbours (4) (5) . These high Ig levels seem to be associated with low IGF-I values (4) and they could be a consequence of greater exposure to infections. In fact Pygmies sojourn for several weeks in the deep forest of equatorial Africa, as hunters-gatherers, and are at an increased risk of environmental infections, mainly filovirus-and arbovirus-linked (6) (7) .
The aim of this study is to investigate the pattern of Ig levels in Babinga Pygmies living in Cameroon from childhood to adulthood in order to evaluate whether a national health program could influence Ig levels in these population.
MATERIALSAND METHODS
In June 2007, an expedition organized by our research team travelled by jeep deep inside the forest to reach an ethnic group of Pygmies, called Babingas, living at the Dja and Lobo reserve, in Southeast Cameroon. Babingas are a large group of Pygmies who live near the boundaries of the Central African Republic, Gabon and Congo in the peripheral forest areas. They have negligible contact with the neighbouring Bantu farmers, a population of normal stature. During the last 20 years, the Cameroon Government has attempted to make a census of the Pygmy population by forcing them to live outside of the forest, near the Bantu villages and paths. Moreover, a health program was initiated, encouraging them to substitute their traditional remedies with western drugs.
In this study we enrolled 35 Pygmy adult subjects (13 males and 22 females, age range 13-70 years) and 15 children (9 males and 6 females, age ranges 1-12 years). twelve, because it is known that Pygmy children enter puberty at about twelve years of age (2) . A clinical history of the Babinga Pygmies was obtained with the help of the camp chief and the nurses who served as interpreters. No signs of malnutrition were observed among any subjects following standard clinical examination. The ages of the children and adolescents were obtained from the school register, while those of illiterate adults was obtained with the help of the camp chief. Body weight was measured using an electronic balance and height was determined to the nearest 0.5 em against a vertical wall perpendicular to a surface over which the subject stood barefoot. Anthropometric data ofPygmy subjects are shown in Table  I . The height and body mass index (BMI) were expressed as standard deviation score (SDS) and were derived from the Caucasian standards of the Tanner charts (8) .
The blood samples, obtained with the help of the nurses, were kept refrigerated immediately after collection and during transportation to the base camp. After centrifugation, serum aliquots were kept frozen until the assay was performed. Verbal consent from all subjects was obtained prior to physical or clinical examinations, anthropometric measurements and blood samples, in accordance with the approval of the University of Pavia Ethics Committee. Serum Ig values were measured using nephelometry and expressed as mg/dl. Descriptive statistics were calculated and reported in terms of median and range (minimum and maximum), since they are not normally distributed.
RESULTS
The median and range height SDS and BMI SDS of adult Pygmy males and females and of Babinga Pygmy children are presented in Table I . The height of Babinga Pygmies was below the normal values of the Italian standards both for adults and children. The BMI SDS values were nearly normal suggesting that these subjects did not show malnutrition.
The data on immunoglobulins show that IgG levels were all well outside the normal range for Italians of the same age, IgM concentrations were high in 8 out of 12 children, whereas IgA values were all within the normal range (Table II) . We compared Ig levels of Pygmy subjects with those of Italians because normal range values of non-Pygmy African populations are not available.
In adults, for both males and females, IgG and IgM mean levels were above the normal range of healthy Italian adults, whereas IgA levels were generally normal (Table III) Similarly, in January 1975 another Italian expedition collected anthropometric measurements and blood samples from Babinga Pygmy adults living in close proximity to a village of African controls (5) . Immunoglobulin values measured in the Babinga Pygmy subjects of the present study were comparable to those measured by Siccardi in 1975. These authors found high IgG and IgM values and IgA levels that were in the normal range.
DISCUSSION
In this study we showed increased IgG and IgM levels in Babinga Pygmy adults and children,compared to the normal values for Italian age-matched controls. On the contrary, generally IgA concentrations do not differ from Italian ranges, both during childhood and adulthood, suggesting that Babinga Pygmies do not suffer from IgA-dependent infections.
The high IgG and IgM levels might be due to the greater prevalence of many intestinal parasites and helminthic infections in Pygmies than in other African groups (9) , despite no significant increase in overt disease or mortality. It is known that also HIV replication is associated with hyper-IgG and, therefore, a subclinical chronic retroviral infection could be present in Pygmies, without leading to significant health problems (10) .
On the other hand, this hyperimmunoglobulinaemia may be a genetically-based characteristic that confers protection against disease, such as malaria. In fact, we found high IgG and IgM levels during the first year of life that increase through childhood up until adulthood. In Pygmies elevated IgG levels have been also associated with normal serum levels of iron, transferrin and acute phase protein confirming the hypothesis of a genetically-determined hyper-responsiveness in gamma-immunoglobulin production (4) . Notwithstanding the recent national government health program that targets the Babinga Pygmy population striving to improve their sanitation conditions, IgG and IgM concentrations measured in this study do not significantly differ from those found in adult Pygmy males and females evaluated in 1975 by Siccardi et al. (5) , further supporting the genetically-determined hyperimmunoglobulinaemia hypothesis.
